We apply the picture proposed in a recent Letter for transverse hyperon polarization in unpolarized hadron-hadron collisions to the exclusive process e − p → e − HK such as e − p → e − ΛK + , e − p → e − Σ + K 0 , or e − p → e − Σ 0 K + , or the similar process e − p → e − nπ + with longitudinally polarized electron beams. We present the predictions for the longitudinal polarizations of the hyperons or neutron in these reactions, which can be used as further tests of the picture.
Introduction
Hyperon polarization in different reactions have attracted much attention recently (see, e.g. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] , and the references given there). This is, on the one hand, because the polarization can easily be determined in experiments by measuring the angular distribution of their decay products thus provide us with a powerful tool to study the spin effects in different cases. On the other hand, it is also triggered by the surprisingly large transverse hyperon polarization discovered already in 1970s in unpolarized hadron-hadron and hadron-nucleus reactions 1 . Understanding the origin(s) of such puzzling transverse hyperon polarizations has been considered as a challenge to the theoretician working in this field and should provide us with useful information on spin structure of baryon and spin dependence of strong interaction.
In a recent Letter 2 , triggered by the similarities of the corresponding data 1,3 , we pointed out that the transverse polarization observed 1 in unpolarized hadron-hadron collisions should be closely related to the left-right asymmetries observed 1, 3 in singly polarized pp collisions.
They should have the same origin(s). By using the single-spin left-right asymmetries for inclusive π production as input, we can naturally understand the transverse polarization for hyperon which has one valence quark in common with the projectile, such as Σ − , Ξ 0 or Ξ − in pp-collisions, or Λ in K − p-collisions. To further understand the puzzling transverse polarization of Λ in pp-collisions, which has two valence-quarks in common with the projectile, we need to assume that the s ands, which combine respectively with the valence-(ud)-diquark and the remaining u-valence quark to form the produced Λ and the associatively produced In this paper, we would like to apply the picture in [2] to e − p → e − ΛK + to give the prediction on Λ polarization in reactions with longitudinally polarized electron beams. We compare the results with those obtained in other cases for the spin states of the s ands needed for the production of Λ and K + in this process. These will be given in Section 2. After that, in section 3, we extend the calculations to other similar processes such as e − p → e − ΣK or e − p → e − nπ + and present the predictions on the polarizations of the hyperons (or neutron) in these reactions. We will also discuss the influence from the sea and that due to the mass differences between the J P = (1/2) + and J P = (3/2) + baryons in section 4. We will summarize the results in section 5. We found out that these polarizations are very sensitive to the spin states of the s ands thus provide us with an ideal tool to study the spin correlations between them.
Polarization of
We now consider the process e − p → e − ΛK + , and discuss the problem in the center of mass frame of the produced hadronic system. We suppose that the energy and momentum transfer in the reaction are high enough so that the parton picture can be used. We thus envisaged with the following picture. In the collision process, a u v quark is knocked out by the virtual photon. 
Here, P e is the polarization of the incoming electron beam. We use the superscript (a) to denote that the result is obtained in the case that the spins of s s ands s are opposite for the convenience of comparison with other cases which will be discussed in the following. D(y)
is the spin transfer factor from e − to q in the scattering process e − q → e − q. This is an electromagnetic process thus D(y) can easily be calculated and can be found in different publications. It is a function of only one variable y, which is defined as
where p, k and q are the four momenta for the incoming proton, e − and the virtual photon exchanged in the scattering. D(y) is given as,
It is a monotonically increasing function of y which increases from 0 to 1 when y goes from 0 to 1. Since y is related to x B and Q 2 by Q 2 = sx B y, (where x B is the Bjorken-x, Q 2 ≡ −q 2 , s = 2p · k is the total e − p center of mass energy squared), it is clear that we can also express
Eq. (1) is the result obtained based on the picture in Ref. [2] under the assumption that the spins of s s ands s are opposite to each other. To compare, we now consider the other two cases for the spins of s s ands s , i.e., (b) the spins of s s ands s are parallel to each other, and (c) the spins of s s ands s are completely uncorrelated, i.e., they have the same probability to be parallel or anti-parallel. Apparently, in case (b), we have,
and in case (c),
We see that, the results are very much different from each other. Hence, measuring P Λ in this process can distinguish these three different cases with good efficiency.
We can extend the calculations to other similar processes such as e
As we can see from Fig.1 , since in all these processes, the produced meson K or π is a spin zero object, we can obtain the same relation between the polarization of the q s shown in the figure and that of the scattered q v from the incoming proton as we obtained in e − p → e − ΛK + . However, in contrast to the case for Λ production where only spin zero (ud)-diquark contributes and if the (ud)-diquark is in the spin zero state, the produced (ud)s can only be a Λ, in reactions such as e − p → e − ΣK, the diquarks in different spin states can contribute and given the spin state of the diquark (q v q v ) and that of the quark q s , the produced (q v q v )q s can still be a J P = (1/2) + or a J P = (3/2) + baryon. All these make the calculations more complicated. To obtain the polarization of the produced hyperon, we need to know the probabilities for the diquark which participates in the reaction to be in different spin states and the relative probabilities for the the produced (q v q v )q s to evolve into a J P = (1/2) + or a J P = (3/2) + baryon. The former can be calculated using the SU(6) wave-function of the proton. To do this, we note that, due to the helicity conservation, the scattered quark has the same longitudinal polarization before and after the scattering. Given the polarization of the scattered quark and the wave function of the proton, we can calculate the probabilities for the remaining diquark in different spin states.
The latter can be determined by the projection of the spin wave function for the produced (q v q v )q s to that of the corresponding baryon, if we neglect the influence from the mass difference of the corresponding (1/2) + and (3/2) + baryons.
To show how these calculations are carried out, we now take e − p → e − Σ + K 0 as an explicit example. In this reaction, the scattered quark has to be a d quark. We recall that the SU(6) wave function for proton is,
where we use the up or down arrow to denote the helicity "+" or "−" state. We now Table 4 . We see that the produced Σ 0 , Σ + and n are all polarized significantly. We also see that, similar to Λ in e − p → e − K + Λ, the polarizations for n in e − p → e − π + n obtained in the three cases differ quite significantly from each other. But the differences between the results for Σ 0 , Σ + are not so significant. Hence, to distinguish between the three cases, we should study P Λ and P n in the corresponding reactions. We note that although the polarization of Σ 0 cannot be measured but it implies a polarization of Λ,
+ which can be measured experimentally.
Influences from the sea and the mass effects
We should emphasize that the results in Table 4 are obtained under the following two assumptions and/or approximations: (1) only valence quarks are taken into account in the scattering of e − with p while the sea contribution is neglected; (2) the influence of the mass differences between the J P = (1/2) + and the J P = (3/2) + baryons on the relative production rates are neglected. In practice, both of them should be taken into account. We now discuss their influences on the polarization results obtained above.
It is clear that, in deeply inelastic e − p-scattering, the exchanged virtual photon γ * can also be absorbed by a sea-quark or an anti-sea-quark. However, since we consider only the exclusive reactions e − p → e − HK or the 2 → 2 process γ * p → KH, both of produced hadrons have very large momentum fractions in the center of mass frame of the hadronic system. The sea contributions to such process should be very small. To see this, we take e − p → e − ΛK + as an explicit example. Besides the case shown in Fig.1 , this process can also happen via the absorption of the γ * by as s from the sea of the proton. After the absorption, thes s flies in the direction of the γ * while the rest of the proton moves in the opposite direction. Thiss s may pick up a valence u v from the proton and combine into a K + which flies in the direction of thes s while the rest of the proton combines together into a Λ. Since the valence quark u v usually takes a relatively large fraction of the momentum of the proton, the probability for this to happen should be small in particular at high energies.
Furthermore, the ratio of the probability for the virtual photon to be absorbed bys s to that
At, e.g., the CEBAF energies, it is only of the order of 10 −3 . Hence we expect that the sea contribution should be negligible.
In contrast, there should be some influences from the mass differences of the J P = (1/2) + and the J P = (3/2) + baryons. The relative production weights have to be influenced by such mass differences. However, it is very interesting to note that in case (a), there is completely no influence from the mass difference on the hyperon polarizations in all the reactions discussed above and the Λ polarizations in all the three cases (a), (b) and (c) are not influenced by the mass effect. This is because in case (a), only (q v q v ) 1,0 q ↓ s contributes to the production of Σ or n. It always gives rise to Σ 0↓ , Σ +↓ or n ↓ , i.e. completely negatively polarized Σ or n. The mass effect can affect the production rate, but does not influence the polarization in the corresponding exclusive reaction. For Λ production, only (ud) 0,0 contributes to Λ production and it contributes only to Λ production, so the Λ polarization in all cases are not influenced by such mass effect.
In cases (b) and (c), there are indeed some influences from the mass difference on the polarizations of Σ 0 , Σ + and n. To see how large they may influence the polarization of the hyperons, we multiply the production rate by a corresponding exponential factor exp(−λm 2 )
for the production of each baryon, where m is the mass of the hyperon. We assume that the production processes can be treated as two steps, i.e., first the production of the corresponding quarks states then the evolution to the corresponding baryons. In this way, we need to normalize the production weights of the produced baryons to the total production weight of the corresponding quark states. We obtain that the above polarization should be modified into the following. In case (b), we have
3e −2λm 2 n + 36e
Similarly, in case (c), we have
P (c)
11e −2λm 2 n + 144e
To get a feeling of how strongly they depend on λ, we show the results in case (b) as functions of λ in Fig.2 . We see that there are indeed some influences on Σ or n polarization in the corresponding reactions but the influences are not very large.
The following point should be noted here. All the polarizations obtained above are functions of only one variable y. They are independent of the energies under the condition that the energies are high enough that the parton picture can be used.
Summary
In summary, we have calculated the polarizations of the baryons in the exclusive processes Table 2 . Possible states for the produced (uds), their relative production weights, the possible corresponding products and their weights in the reaction e − p → e − Λ(or Σ 0 or Σ * 0 ) K + in the case that the spins of s s ands s have same probability to be parallel or anti-parallel if the scattered u v is in the helicity "+" state. Possible products Polarizations 
